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A  Man-Machine  Interface 
For  Energy  Monitoring  and  Control  System*; 


SECTION  I.  INTROOUCTION 


Background 

Tn  energy  monitoring  and  control  system  (EMOS)  is  a  system  designed  *o 
implement  the  concept  of  computerized  energy  management.  Since  late  1076, 
an  effort  has  been  underway  in  OoD  to  develop  a  «■  >h  _  snrv  ice  guide 
specification  to  be  used  by  government  procurement  officers  as  an  aid  in 
preparing  contract  specifications  for  acquisition  of  an  EMCS.  This  guide 
specification  covers  all  work  associated  with  providing  shop  draw' mc- . 
pi  ans  ,  equipment,  1  aboc  ,  mat  eri  ->1  s  ,  eng  inner  ion  ,  t  echn  j  r  ai  stipe  rv  is  ion  ,  >nd 
*-  >"  a  n  spoct  a  t  i  on  nemssarv  to  furp-'sh  and  ins* -ail  a  fji’v  np'»',it  i  nnai  ■  ,/'“S. 
Tb*’  Na>/*/  Civil  Engineer'  ng  L*hor  qf  ory  pt  po>  f  |l  i-vipm-' ,  r  •  1  a  f  >>-o  j  -  *  s 
iss’st;ng  f  n  n  Naval  Facilities  Enoineerinc  Command  and  the  Army  Corps  of 
Engineers  (Huntsville  District)  with  orenaration  of  tne  cuioe  specification. 

1 )  h  i n  r  *  ”?  v  n 

T^o  obi of  M ■? r°h  *o  iHri ^  *»«;<:  1  h  1  *■  nn*"-'  v.'i  y* 

i  f  i  c,r\  f  i  0'i  3sso'' i  or|  v/  i  t"  h  providing)  .in  hf,t 

and  a  human  operator.  The  goal  of  tup  effort  wts  'o  ,in  approp*"  ■a*  e 

operator  interface  and  provide  reronmenda*  ions  for  *  h<-  r  ,-..u  -p-p  fare 

tba*  •,/oiil  a  iqo  i  or  orpora*' er|  ’ttto  f  hr  gu’de  r,pn,'<  f’r  V 


S  rope 


fSo  svs  tent /opera  tgr  interfere  ipu  ioo  as  »  r,inr'  ■  o°  o*7  *  he  des  1  ''a 
goal  of  the  installed  system,  the  s  i  ze  of  *  h«'  sys*  •  ;  ,nder  roes  icer  a*  \  on  , 
qod  thr  lovpi  at  which  ttjq  system  auH  operator  co" "  ’  r  ■; *  .1 ,  So  rvy,  ui'v  bp 
installed  with  any  one  of  several  goals  in  mind,  s,  •>  as  1  »mi*-at-  inn  of  peak 
power  usage,  overall  daily  reduction  of  energy  usage,  smoothing  o r  hour1v 
surges  and  lapses  in  enerqy  demands ,  efr.  The  guide  specif  ira*  a  ot>  7s 

1 


intended  for  general  application  and  thus  does  not  attempt  to  address 
specific  goal  optimized  systems.  Accordingly,  the  research  did  not 
consider  interface  specif icat ion  differences  associated  with  specific 
svstem  applications  and  goals.  The  guide  specification  includes  discussion 
of  three  sizes  of  systems--smal 1 ,  medium,  *nd  large.  The  number  of  data 
points  monitored  define  the  size  of  a  given  system.  The  necessity  for  3nd 
level  of  system/operator  interface  will  vary  as  a  function  of  system  size. 
This  research  focused  on  the  most  difficult  problem  ot  operator  interaction 
with  large  systems. 

It  is  presumed  that  three  skill  levels  of  individuals  might  interact 
with  a  fielded  EMCS;  programmers  or  systems  analysts,  engineers,  and  wafrh 
supervisors  or  operators.  Programmers  or  systems  analysts  are  primarily 
concerned  with  maintenance  and  upkeep  of  EMCS  software.  They  can  be 
assumed  to  have  a  high  l^vel  of  skill  in  dealing  with  computer  systems  so 
that  presiding  for  a  "friendly"  interface  environment  is  not  so  important 
a*-  th’s  level  as  with  the  other  two  types  of  svstem  ooerations  personnel. 
Specifications  for  programmer/system  analyst  interface  with  EMCS  were  not 
addressed  by  this  effort.  Since  engineers  and  wat.rh  supervisors  or 
operators  are  both  likely  to  have  less  skill  at.  interacting  with  real-time 
romputer  svstpms  fhan  programmers  or  analysts,  the  research  emphasized  the 
needs  for  interfacing  between  the  system  and  the  +w0  lower  ski1!  ie>.<nl<;, 
especially  the  pneratpr  level. 


? 


SECTION  II.  PROBLEM  DESCRIPTION 


EMCS  Description 


Rv  definition,  an  EMCS  is  an  energy  manaqpment  system  which  employs 
off-the-shelf  minicomputers,  microcomputers,  associated  peripherals, 
instrumentation ,  control  equipment,  and  application  proqrams  written  in 
high  level  languages  such  as  FORTRAN,  BASIC,  or  Pascal  ,  configured  into  a 
network  with  control  functions  at  multiple  locations  and  a  cpnt.ral  point  of 
operator  control  and  supervision.^  EMCS 1 s  are  classified  into  four 
categories  related  to  the  total  number  of  monitor-control  points  connected 


to  the 

system: 

• 

Large  EMCS 

in  oxcess  of  ?,0D0  points 

• 

Modi  urn  EMCS 

500  to  2,500  points 

• 

Sma1 I  EMcs 

inn  tg  750  points 

• 

Micro  EM^S 

less  than  125  po’n*s 

The  1  »rge  rMCS  pictured  in  Figure  1  consists  of  ■>  ren*  >•  •  ‘  -on*  rol  on 1 ' 

( CCU )  (with  its  assoria^ed  computer  (CPU)  memory,  i  nput  /pnt  put  (10) 

dev  ’'res  l  ,  a  ren*-rai  rommun ’ r a f  i ons  rr)pt  roi  1  or  (C'  C)  ,  a  communirat  inns  1  ink 
tnrmi  nafor  (CLT) ,  f’eld  interface  devices  (FID),  mu1  *-iplexer  panels  (MUX '  , 
iptel  1  igent  multiplexer  panel  s  (TM1IX),  instrumentation;  an'!  controls.  The 
CC1J  contains  a  minicomputer  or  microcomputer  (CPU),  with  main  memory  for 
operating  system  software  and  implementation  of  energy  rnnsery at  i  on 
programs  ,  and  auxiliary  mass  storage  memory  for  rncord;ng  df  -> .  The  CPU 
executes  opt  i mi 7 af  i on  algorithms  used  to  prodirf  on-/  iromnert- al  -enditions 
and  rate  of  power  consumption,  calculate  equipment  operating  points,  and 


prO’-j  i  j r  n 

non 

a  r pi 

siqnalo,  ap  npnrVf' 

egip  pment  ip  th"1  re  a1-' 

'■  i  no  ^nv  i 

rpernen*  . 

The  al 

rn 

and 

1  o  g  g  i  n  o 

pr i p  ter s 

provide  a  permanent 

r  r>n  V  0  f 

sys!  m 

n  no  r  i 

ons 

a  rd 

h  i  s  t  o  r  i  c  a 

1  data. 

The  opera  t-  or  '  S  COPSO 

)o  i  r  ‘Ho 

operator  interactive  element  in  fhe  svsi.nm.  It  arrepv.  opnr.i  +  rjr  c  0:1111a  nds . 
d  i  sp  1  iys  data,  and  graphically  displays  systems  rn"t  a  pi 1  e<d  or  monitored  by 
*■  h n  EMCS.  The  systems  ferminal  is  used  to  ' r>v r>l on  programs  ,  run 


diagnostics,  and  support,  background  processing.  The  CCC  is  a  mini  or  micro 
compiler  with  sufficient  memory  to  execute  the  software  required  to 
reformat,  transfer,  and  perform  error  checks  on  data  between  the  CCU  and 
the  FIDS,  and  to  provide  limited  backup  in  the  event  of  CCU  failure.  The 
failover  controllers  ace  automatic  switches  which  put  the  system  into  a 

backup  mo^e  of  operation  in  the  event  of  CCU  or  CCC  failure. 

The  CLT  provides  an  interface  between  the  CCC  and  whatever  data 

transmission  media  (DTM)  is  used  to  connect  the  central  system  control 

elements  with  the  FIDS.  A  FID  is  a  microcomputer  based  device  with  memory, 
I'D  and  communica* ions  capability,  and  a  power  supply.  The  FID  provides  an 
interface  to  the  controlled  equipment  and  environment,  performs 
calculations  and  logical  operations,  accepts  and  processes  CCU  commands. 
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The  y!  i  X  pan0!  is  f one* ' onnl 1 v  a  vart  nf  cnn  r '  p  and  may  be  in  *  hn  r  *  n 
■  n  r  i  c  su  rn  nv-  rerno*  e  1  v  In1'  .  M’,IX  pane's  eon  t  .  nijn,;s  1  w  t^ipr^u  ,a  a  fy-om 
the  DE  *o  *ho  F  rp .  !MUX  panels  are  similar  +  o  MU  X  panel  <•  >  p,,*-  oner  are  in  a 
repor*-- Wv-eycep*  ion  mod  e .  IV!.lX  papers  no  perform  '  tunc*  ■>  one  nf  a  Ml  IX 
panel  and  c  in  he  suhst  i  *  nted  for  MUX  panels.  The  fy  'X  panel  '■ompiun  ira^pj 
../■>  *-h  the  I'nc/rcp  hy  exception,  thereby  ’'mi'ing  the-  amount  of  u.at  wh  i  n  h 
must  be  handled.  The  TMUX  panel  sc  tns  i*s  DF ,  rompa  res  •  he  da*  a  cei>*ed 
1 0  a  i  nC  *r-i  prec  i  oiis  -'allies,  an't  reports  onlv  the  d1*  '  ’ha*  has  *h  "ly  1 . 

In  s'nvtiry ,  *  he  genoral  purpose  of  pMf.S  is  to  pro  •  •  '  i  '-r  >  *  oma*  •  - 
men  itpri-t'i  .and  rnptrpi  pt  energy  ra,,c;,n :  r-n  dev’ees  so  '  -  fa--*  i ,  7, .  ”d 
reduce  *  Up  rnnsumn*ion  of  epergy. 


Operator  Functions 


While  an  EMCS  is  primarily  a  computpr-control  led  ,  sel  f- operat  i  .ng 

device,  there  is  still  a  need  for  human  operator  intervention.  The  EMCS 

does  not  includp  the  pnerqy  consuming  devie.es  themselves,  such  as  motors, 

water  chillers,  fans,  etc.  The  EMCS  monitors  and  controls  these  devices 

and  relays  an  alarm  to  thp  operator  when  a  device  failure  occurs.  Operator 

intervention  is  required  to  contact  and  dispatch  maintenance  personnel,  and 

possibly  to  adjust  operating  modes  or  controller  set  points  in  the  EMCS  as 

a  result  of  component  failure.  Section  12  of  the  draft  Corps  of  Engineers 
2 

Guide  Specification  contains  a  description  of  commands  which  an  operator 
should  bp  able  to  enter  through  the  operator's  console.  Considerat ion  of 
this  lisf  will  give  an  appreciation  of  the  scope  of  operator  interaction 
w^th  the  EMCS.  In  accordance  with  +he  draft  guide  speci f irat i on ,  an 
operator  should  be  able  to  perform  the  following  tasks. 

•  Request  a  display  of  any  digit*1  or  analog  coin1:  or  any 
logical  group  of  related  points  in  the  system 

•  Sfar*'  up  and  shut  down  any  selected  systpms  or  dev  i cos 

•  Initiate  reports 

•  Request  graphic  displays 

•  Modify  time  and  even*-  scheduling 

•  Modify  anaioq  limits 

•  Adjust  so*-  points  of  selected  rnntrollers 

•  Seine*  manual  or  automatic  control  modes 

t  Enable  and  disable  individual  points 

•  c o * b 1 e  and  disable  individual  FlPs 

•  Enable  and  disable  individual  M'lX/IM'JX  panels 

The  '  !<;&-<;  inH  '"'escribed  abOV  O  ire  fhe  OrOV  i  O^e  qC  t  h° 

1  owes  t  s  t  i 1 1  i eyel ,  *he  watch  sunerv i sor/operator  category.  The  next 
h'oher  s'-  'll  'eye1  's  fhr  pf  *he  svs'em  engineer  who  'VO u  1  d  he  ral'ed  upon 
to  make  changes  in  qraphic  displays,  rewrite  optimization  algorithms,  and 
perform  o*her  funr*  ’ops  o*  rMCS  ma  i  n*  ep-.qrp  or  updating.  The  guide 
spec  i  f i cat i on  calls  for  eiqhf  level  s  of  system  access,  with  each  higher 
level  i  nev-e  ^  j  ng  the  allowed  in'  enr*  ion  hy  *he  user.  Entry  fo  the  various 
levels  is  controlled  hy  fhe  use  of  passwords. 
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SECTION  III.  PROCESS  CONTROL  AND  THE  MAN-MACHINE  INTERFAC- 


I  ntroduct  ion 


Proms';  control  and  ■  ns*- rumentat  i on  have  been  greatly  finh^n,'rid  during 
the  past  twenty  years  by  th°  incorporation  of  mi  niconipiifers  and 
microprocessors  in  ront^o1  svs’ems.  In  the  future  this  trend  w’H  prohahOy 
continue  and  may  even  decelerate  in  terms  of  number  of  applica*;on  areas 
and  extensions  of  accuracy  ana  precision.  Th’s  qrowi ng  use  o*  compir  w 
control  systems,  with  *hcir  large  information  and  control  data  oases,  is 
focussing  attention  on  th^  pnnSi  mu  of  inferfacino  the  human  open-  nr  -in  -.he 
svs'em,  with  the  process  under  control  and  the  promss  control  rni>mutor 
systein. 
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Figure  2.  Man-Machine  Interface 


7 


In  this  simple  diagram  there  are  three  definable  interfaces: 


1.  Control  System/Process  Interface 

2.  Man/Control  System  Interface 

3.  Man/Dmross  Interface. 

The  rp<;mr-rh  reported  herein  restricts  itself  to  fhP  nan-contrnl  sys*om 
i nterface . 


Interactive  System  Design 

Ren  Shneiderman,  in  his  recently  published  boot  entitled  "Softwa'"0 

Psychology",  has  done  a  credible  job  in  pulling  together  and  giving  some 

framework  tn  a  considerable  collection  of  wort  on  design  of  devices  for 

4 

interaction  between  human  beings  and  computer  systems.  Successfu1 
industrial  design  unites  required  functions  and  appropriate  esthetics  while 
keeping  costs  low.  Providing  useful  tools  to  computer  users  who  have  a 
widely  varying  level  of  experience,  problems,  skills  and  exportations  is  a 
challenge  to  scientific  competence  and  engineering  ingenuity,  in  addition 
to  requiring  a  measure  of  artistic  talent.  Interactive  rqrnputpr-  hasert 
systems  f o r  process  control  must  be  carefully  designed  fn  provide 
efficient,  safe,  reliable  and  effective  service  w*>  i  1  e  offerinq  user 
satisfaction.  Regular  users  quickly  pass  through  t^p  eadget  fasrination 
stage  and  hernme  demanding  users  who  ex  nor  ♦  *•  ho  system  to  aid  *hem  ;n 

performance  of  ‘heir  work. 

I  Ip  +  or*  i  in  i  *■  e  1  y  ,  exists  no  pit  algot'i'hm  for  e  p4-  '  mv 1  or  even 

s  af  i  sf  r  a  ory  design.  J  nt(>r^C*  ’ve  system  designers  must  seel  ‘  worl-  ah1  e 
r0'T»'0:‘l  ’  se  '-opfl  j  r  t  i  ng  design  goals.  f'.'S*emc  chnu'd  he  S’n’a’e  hu* 

powerfi;1  ,  oasv  to  1  earn  hut  appeal  i  ng  to  experienced  users,  and  far  il 
nrrer  h md 1 i ng  while  allowing  some  freedom  of  expression.  The  liyersa*v  af 
situations  in  which  interactive  systems  may  ho  used  makes  it  very  difficult 
*  e  Wet  1  ne  '  universal  set  of  qoals  for  SVStem  desiqn.  Pvcn  SO,  numerous 
researrhers  hav°  aftpmpfpd  to  proscribe  so-called  "universal"  goal  sets, 
the  rollout  ion  of  sets  thus  introdurps  into  t^p  litpra'ure  entries  which 


are  not  independent  and  sometimes  are  in  conflict,  make  contradictory 
recommendations,  and  ar«  largely  unmeasurable  as  design  goals.  If  anv 
single  consideration  is  apparent  among  these  various  lists,  it  is  the 
dictum  "know  +he  user". 

In  an  attempt  to  provide  an  informal  integration  of  this  extant  body  of 
design  principles,  Shneiderman  has  bravely  set  forth  four  mostly 
independent,  fairly  thorouqh,  interactive  system  design  qoals:  simplicity, 
power,  user  sat i sfact ion ,  and  reasonable  cost.  An  interactive  system  ;s 
said  to  he  simple  if  it  has  few  commands  and  if  the  commands  have 
consistent  structure.  Command  structures  should  fit  the  problem  domain  and 
user  thouqht  processes  (know  'he  user).  Simple  systems  are  easy  to  'pure, 
easy  to  remember ,  easy  to  use,  and  easy  to  modify  and  repair.  Hne  of  'he 
great  benefi's  of  using  computers  is  the  power  "hey  offer.  A  qno'  svs'em 
design  includes  powerful  coninends  which  enable  users  ' o  more  easily 

i  Tempi  ’  sh  their  goals.  The  '•nnpu*  e  ~i  7eH  sys'em  mus*  he  be*  ter  •  n  e  p.-y 

way  than  'he  manual  system.  User  sa‘  ;sfart  ■  on  u  separate  tr  n 

e  f  *  er  M  V  enes  S  .  \  sys'ei'l  mav  he  of  fee*  n  *•,.,*  M’lpl  easeot-  •  o  ISe  . 

sa '  1  s '  y  ’  ng  bu*  i  neff  or*  i  \in.  The  rompu'er  should  apu'W  as  a  he’, ;  f  ul  *  pa  ’ 

’iding  users  in  ’he  performance  of  'heir  tasks.  A  svs1  -'m  design  wh’rn 

r  0  S  t  S  ‘00  Hurt  is  a  failure. 


!  n*  er.ar  ‘  i  we  [n‘er  fare  ’  s  Sues 

A  qn'i’t  :pl  nry*t  ’  an  SyS'etn  no'  on  1  V  earns  recti,-, ,'*■  to  1  npl  >s  *  to  ■'  -itc,*  'ic 
wan’  to  use  i*  ,  lint  i  ’  generates  satisfying  feptinnc  in'  condf '  Tern 
Ones  “ipari  ’v  ’  e  [  is  fi  ’*  of  f  er  *  j  v  I'1  V  .  A’  f  r  1 1 1*  os  '/t’-'h  -'re'.-.e  'I'r  i  nvic  o* 
a  rp,  1 1  i  t  V  SVS‘eoi  inrtlide:  eas-a  ot  looming.  e  , ,, ,  1  ;  s  .  r,-irr  o  C 

f-c  i  1  inn  sro’T  ’  pass  ,  r  e  1  i  a  h  ’  1  1  *  y  ~  o  t  j  r  ‘  11  o  i :  s  n  -  s  (  1  -  1  r:  -  ,  s  -  "  ' 

d  1  f  f  i r  ■ :  t '  *  ,is  arise,  wvi  effer f.  i  yer.ecs  >s  ‘■eol  >  »i  s  ,s  •  ■  r -oh1  e--,--, . 

There  m  several  rri  t.  iral  issues  e»i  >H  >  ng  'tie  des » c  ‘  ,, 

an  ('MCA:  hardware  options,  psychological  f ar tors ,  ••  1  response  ‘  M  . 

llatcHware  opt  j  ons  I  nr  1  lldp  such  fur’ors  IS  1*  *  ",  h  >r-  a  ’  c  . .  ' 

manipul  at  ion  devices,  and  graphics  output,  input  and  inter.art  ion. 


o 


Hard  copy  displays  provide  permanent  records  of  syst em/operator 
sessions,  whereas  soft,  copy  displays  provide  an  electronic  window  which 
eliminates  cumbersome  and  costly  paper  consumption.  Hard  copy  can  be 
produced  by  noisy  impact,  devices,  such  as  Selectric  balls,  daisy 
wheels,  cylinders,  or  a  matrix  of  pins;  or  by  quiet  nonimpact  thermal, 
electrostatic  or  ink  spray  printers.  Imprint  clarity  and  typing 
surface  visibility,  which  may  be  obscured  by  the  tvping  device  or 
cover,  play  important  roles  in  user  acceptability.  Soft  copy  may  be 
provided  by  a  cathode  ray  tube  (CRT),  light  emitting  diode?  (LEO), 
liquid  crystal  diodes  (LCD),  or  a  flat  plasma  screen.  Display  rates 
can  be  thousands  of  characters  per  second.  Glare  from  the  serpen, 
flickering  images,  lack  of  contrast  and  limited  number  of  lines  may 
detract  from  CRT  usage.  However,  silent  operation,  unlimited  character 
sets,  blinking,  multiple  intensity  levels,  black/whit.e  reversal, 
multi-color,  erasinq,  insertion,  cursor  action,  scrolling,  and  multiple 
windows  are  attractive  features.  The  choice  is  properly  dependent  on 
the  application,  hut  lower  cost,  higher  reliability,  quieter 
operations,  and  higher  speeds  give  the  advantage  to  soft,  displays. 

Manipulation  Devices 

Manipulation  devices  are  the  physical  means  by  which  the  process 
operator  transmits  commands  to  the  control  system  or  process.  The  goal 
in  designing  the  inani  pul  at  i  ve  s^rMon  of  a  man-merhi  interface  should 
be  to  avoid  imposing  unnatural  marhine  language  constraints  on  the 
nnnr'*or,  Manipulative  ">ct. ’ons  should  refiert  ;>$  nearlv  as  possible 
the  users  common  or  native  lanquage  and  traditional  (stereotyped) 
proress-dependent  r>m  i  nol  ooy .  Oronram  conf rnl  1  ed  manipulative  devices 
which  io'rrirt  w  •  *  n  •->■!  r.r  t  ron f  r  1 1  v- format  t  ed  display  devices  which 
rompr  ■  s>>  *h.-  '  ■  «s  'a  1  'v  medium  fo-  i  nf  orn.it  i  on  used  in  primarv  on-line 


Fixed  function  keyboards 
Variable  function  keyboards 
Light  pens 

Track  balls  and  joysticks 
Touch  Screens 
Speech  cpcoqni *■  ion . 

Fixed  Function  Keys-A  fixed  function  key  is  nnn  which  has  a  single 
dedicated  function,  identified  by  a  label  affixed  on  or  adjacent  *o  the 
k^y  top.  There  arc  two  general  +vpes  of  ^ixed  ^unction  keyboards: 
Universal  format  (ASCII,  etc.),  and  custom  format. 

Variable  Function  Keys-A  variable  function  key  is  one  whose 
function  is  not  fixed,  but  varies  according  to  displav  conditions, 
orcv'oijs  iction  of  mother  key,  etc.  Var  j  able-  function  keyboards 
utilise  a  rommon  arrangement  of  blank  keys  which  mav  have  fneic  labels 
changed  m  several  different  wavs. 

0  v  er  1  ay  S  -  s  h  ee f  s  on  which  labels  ’  pc-n,eu  -w 
handweittpn  md  positioned  by  hand  to  be  adjacent  lo  or  over 

W’VS  . 

Filmstrip  keys-each  k.ey  ran  *ake  on  any  of  sevp.-ii 
Innends  depending  on  the  positionieo  nf  a  filmstrip  mount  e-t 
in  hack  of  *  ho  key . 

Shift inq- shift  e>-  "mnHe"  km  vs  are  ir<d  *o  '-h"ic>  .-m-'O 

,  fi  v  art  c;r>*-  ,-)f  altorna'e  fnnefions,  1  ab  ’  ’  ed  en  er  ad!1''e^‘ 

t  '  1  "/<;  t 

CRT  Label  inq-‘he  i-gs  *  and  P’"  ■  ' r  ' 1  - 

pumper  of  labels  is  !  u  ’1  i  y  uni  iar  f  ■  .  'U'rr -f  ■  ■  i 

p.-ocoduros  can  be  completely  c;oi  f  exp’  "a'n.-v 
current  labels  follow  from  previous  a-  •  ; ops .  "!![eq> 

actions"  bo  eliminatod  by  dispiavinu  onlv  those  l’b-'s 

pertinent  t.o  current  display  conditions. 


Light  Pen-A  1  iqht  pen  is  a  hand-held  device  that  is  used  to  select  a 
location  or  symbol  on  a  CRT  display  by  pointing  at  that.  location  and 
activating  a  switch.  This  idpntifips  the  corresponding  CRT  beam  x-y 
coordinates  in  the  matrix  of  possible  CRT  beam  positions,  which  is  then 
decoded  to  determine  the  addresed  function. 

Track  Ball  and  Joystick-are  a  means  for  positioning  a  cursor  or 
indicator  to  a  particular  part  of  the  CRT  screen  and  thereby  indicating 
in  some  way  the  data  of  that  location.  The  trackball  operates  by 
moving  the  cursor  with  a  rolling  ball.  Normal  1 v  any  direction  is 
possible.  Joysticks  come  in  two  types,  proportional  and  incremental. 
The  proportional  type  uses  the  stick  position  to  determine  the  cursor 
position.  Full  forward  for  instance  is  the  middle  top  of  the  screen. 
This  stick  remains  fixed  when  the  operator  releases  it.  The 
incremental  type  is  much  more  popular,  and  determines  the  angle  and 
rate  of  cursor  movement  by  t^e  apole  and  distance  fcom  the  origin. 

Touch  Screen-A  touch  screen  is  essentially  the  inverse  of  a  light  pen. 
!•  uses  a  "passive  sty'us"  'finger,  pencil,  etc.l  for  pointing  a*  the 
desired  display  position.  Thn  pointing  actuates  one  el  or* ron i r al  1  v 
sensitive  area  in  "switch  matrix"  which  is  deployed  oyer  the  display. 
This  is  itepohed  to  determine  the  addressed  function  in  a  manner  similar 
fo  the  us!'  of  f hp  light  pen. 

Voice  Recognition- Cnmputpri /od  techniques  are  becoming  available  which 
ran  recognize  spoken  multisyllabic  words  and  phrasQs  wPh  good 

gcr  ip'.ary.  However,  numerous  m?1  rir-f  ions  evi<;t  on  vocabulary,  ‘rvn'no 
of  machine  and  man,  etc.  This  technique  has  been  used  roos'ly  in 
nonprocess  control  environments  where  the  motor  response  outputs  arc 
overloaded  (both  hands  full  loading  packages ,  with  requirement  ♦  o 
descrite  package  tfi  a  central  data  processing  system),  or  not  available 
(ron'rol  inputs  being  made  over  a  voico-rnmmuniraf ions  channel). 


•  Graphics  Output,  Input  and  Interaction 


Perceptual  psychologists  have  demonstrated  that  imagery  can  offer  a 
decided  advantage  over  words  or  numbers,  within  certain  appl icat ions . 
Wi^h  proper  graphic  present  at i on ,  error  ^at«s  and  reaction  time  ran  be 
substantially  reduced.  The  success  of  graphics  interaction  hinges  upon 
adherence  to  a  narrow  application  domain,  nafural  representation  of 
real  world  phenomena,  and  acceptabi 1 ity  of  the  set  of  operators. 
Researchers  have  identifieH  fivp  pofentiad  proh’em  areas  with 
interactive  graphics  applications: 

1.  RnroHom  -  improper  parinq 

?.  Panic  -  unexpectedly  long  delays 

3.  Frustration  -  inability  to  convey  indentions  nr  inflexible  arri 
unforgiving  system 

4.  Confusion  -  excessive  detail  or  1 ar k  of  structure 
F.  Discomfort  -  inappropriate  physical  environment 

In  an  effort  fo  ’void  ‘hese  problem  areas,  severe!  rerommondgd  ion*:  hv/"' 
been  formulated  for  interactive  system  developers. 

1  .  Vr.mqn  tr>x*  and  graph’r  symbols  on  narh  nre  sent  af  i  on  •vi 
establish  an  explicit  context  for  user  action. 

7.  When  i  user  nrorp<^s  is  not  known  in  advance,  '-oneep*-  rafe  no 
d  i  spl  ayabl  p  data  reprpsnnfat  ions  and  fhen  design  opera  t  : 

"o  :r t  noon  dWose  represenf at  ions . 

Pesiqn  the  system  » o  provide  in  «xpl  ir  i  *•  framework  •"or 
re  nrer,  on  t  a f  '  on  s  .  The  framework  giv's  a  oni  form!  *  v 

st  nurture  wifhin  whirh  >he  user  'an  syndhrsi'e  pi-o1-1  .■••m 
SO '  !|d  i  or>s  .  T  h  ’  S  frame'-iork  ran  hr  a  .■-**/ r> '  p  pr  a  •<>'.  'hi'Unh 

problems  d  heias  el  ves  are  uns’  ’"nm  ureW  . 

In  summary,  '<0  inder-aetive  graphics  svs'om  sho"'-  provide  >  J  l  ■»  , , 

represend ad i on  and  standard  operations. 
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Psychological  factors  include  short  and  long-term  memory,  closure, 
attitude  and  anxiety,  and  control.  Short-term  memory  processes  visual, 
tactical,  auditory  and  other  raw  sensory  information  and  holds  interpreted 
units  of  information  for  up  to  thirty  seconds.  The  retention  period  can  be 
extended  somewhat  by  continued  rehearsal  .  Experiments  reported  by  George 
Miller  (1956)  have  suggested  that  information  perceived  by  human  beings  is 
limited  to  a  number  of  'ini t s  egual  to  seven,  plus  or  minus  tvio.^  Long  term 
memory  appears  to  be  permanent,  although  some  kinds  of  information  may 
become  more  difficult  to  retrieve  as  time  goes  by.  Transferring 
information  from  short-term  memory  to  long  term  memory  requires  time  and 
effort.  The  process  of  continuing  organization  and  reorgan-i  z'f  ion  of 
information  in  long-term  memory  is  poorly  understood  by  researchers,  but 
the  seemingly  unlimited  capacity,  durability  of  knowledge,  and  rapid  recall 
enable  human  beings  to  perform  remarkable  feats.  For  graphics  terminal 
interaction,  the  number  seven  plus  or  minus  two  concent  implies  thaf  the 
processing  capacity  of  individuals  is  limited  and  in  constant  danger  of 
being  overloaded.  Soft  copy  terminal  interactions  which  sfart  with  a 
display  requiring  th°  user  to  memorize  twenty  options  will  probably 
overload  the  user's  short-term  memory.  h,  printed  list  of  options  or 
off-line  training  to  embed  the  knowledge  in  long-term  memory  might  be 
preferabl e . 

0nr'  nf  thn  byproducts  of  *-hp  limitation  on  human  short-term  memory  i r 
that.  there  is  great  relief  when  information  no  longer  needs  to  bn  regained. 
This  produces  a  powerful  desire  t-o  complete  a  task,  reduce  our  memory  lntH, 
and  gain  relief.  closure  is  the  completion  of  a  task  leading  to  relief. 
Sinnp  Tvrminal  users  sfrive  ton  c'osum  in  vhoir  work,  ’n^r-ir1'  inns  should 
be  defined  in  sections  so  comp! rf ion  can  be  attained  and  information 
ml  eased .  Every  fime  a  user  romp’  p^es  edi  t  i  pq  ’  line  w  ends  m  editing 
session  with  an  EXIT  or  SAVE  command,  there  ’s  relief  asso'*’  afed  wi'h 
completion  and  a* tuning  elosure. 


The  pressure  for  r  1  os'.ire  means  that  users,  experialtv  novices,  may 
prefer  multiple  small  operations  t0  a  single  large  operation.  Mot  only  can 
they  monitor  progress  and  ensure  that  all  is  going  well,  hi/t  they  can 
release  the  details  of  coping  with  the  early  portions  of  fhe  fask.  One 


informal  study  showed  that  users  preferred  three  separate  menu  lists, 
rather  than  three  menus  on  the  screen  a*-  once.  A1  thouqh  more  typing  and 
more  interactions  were  required  for  the  three  separate  menus,  the  users 
preferred  doing  one  small  thing  at  a  time.  With  three  menus  at  a  time,  the 
information  about  the  first  menu  decision  must  be  maintained  until  the 
system  acknowledges  or  the  RETURN  key  is  hit. 

Studies  have  demonstrated  that  user  attitudes  can  dramatically  impact 
learning  and  performance  with  interactive  systems.  Researchers  have  shown 
fha+  novices  with  negative  attitudes  towards  computers  learned  editing 
tasks  more  slowly  and  made  more  errors.  Anxiety,  generated  by  fear  of 
failure,  may  reduce  short-term  memory  capacity  and  inhibit  performance.  If 
users  are  insecure  about  their  ability  to  use  the  system,  worried  about 
destroying  files  or  the  computer  itself,  overwhelmed  by  volumes  of  details 
or  pressured  to  work  rapidly,  their  anxiety  will  lower  performance.  Mild 
pressure  can  ac*-  as  a  motivator,  hut  if  the  pressure  becomes  too  strong  the 
rosulfan*  hiqt  ’nvols  0*  nnxiefy  interfea^  with  eompefent  work. 


In  designing  a  system  for  novices,  every  attempt  should  be  made  to 
make  the  user  at  ease,  without  being  patronizing  or  too  obvious.  A  message 
telling  users  not  to  be  nprvous  is  a  bad  idea.  Users  will  fpel  best  if  the 
i nst rue*  i oris  are  lucid,  exoressed  in  familiar  terms,  a nd  easy  fo  follow. 
They  should  he  given  simple  tasks  and  gain  the  confidence  that  comes  with 
sueressfiil  mo  of  any  *ool  or  marhine.  ^iannosMr  nussages  should  be 
unders*  andahle ,  non*  hre.a*eninq,  and  low-key.  If  the  input,  is  incorrect, 

>  ' o d  o'  ir  on  phr  iqns  sueh  ir  'roggp  fi-,  _  yi)M,? •  RS  ac-  ji  !.F*iAl  1  and.  merely 
c*  i*-n  ,./p  i *  p.npn sse’v  *o  mat  “  'tings  rioOt  'MilNTHS  ARg  FtJTERf'l  F<V  NAME  '  • 


nn  •'  ■  eg 


.  P  >  >>"'1 


'ever  /\  v  ' nn  n 


•*'’ss  "]i“. 


_  i  ly  i  .  o*  [|-  o  n  *  n.  i  t  n  ■<  n  r  >1  ti  !P  <;  i  .  ■ 

,  ,rr  u*|pp*  'ay'/iri  1  I'-  i-*  '  *•  r  1  .a  i"  m  en’  nfl 


*r\,'rc-  :o  hilTi.V)  hph.ivior-  •  »m« 


n  •  »•<!  . 


individual  s  nave  powerful  needs  to  attain  and  mm  n.  tin  cord  ro  ■  o  +  'heir 

total  nnv  i  ronmnnt-  ;  others  are  less  S  t  rnn  pi  y  00*  ’  "  '*  r  * l-  -  -  H  ’  *  ’  0"  and 

-,-n  '-tor'  - - >;...  ,f  ‘0^-,  ca*-  •.  tM*H  rrc-.rr*  *o  using  COmiUlters,  t  h  e 


desire  for  control  apparently  increases  with  experience.  Novice  tormina1 
users  are  perfectly  willing  to  follow  the  comnu*er's  -  ns t ructions  and 
accept  the  computer  as  the  controlling  agent  in  the  interaction.  With 
experience  and  maturity,  users  resent  the  computer's  dominance  and  prefer 
to  use  the  computer  as  a  tool.  T^.eso  users  perceive  toe  computer  as  merely 
an  aid  in  accomplishing  *heir  own  job  or  persona1  oh’ecMves  and  res°nt 
messages  which  suggest  that  the  computer  is  in  charqe. 

Response  time  is  the  time  v'oquired  for  a  system  *o  respond  to  a 
command.  Acceptable  response  times  are  properly  a  function  of  the  command 
type.  Typically,  interactive  system  users  are  not  disturbed  to  wait 
several  seconds  for  the  loading  of  a  file  or  large  program,  but  they  expect, 
immediate  response  to  editing  commands  or  emergency  requests.  At  the  same 
time  researchers  have  shown  that  increasing  the  variability  of  system 
response  time  generates  poorer  performance  and  lowers  user  sat,  i  sf  act  i  on . 
Thus,  holding  responses  to  minimize  response  time  variance  may  actually 
improve  user  performance  and  satisfaction. 

Installers  of  time-sharing  systems  report  user  dissatisfaction  in  two 
situations  where  response  time  variance  is  a  factor.  In  the  first  case, 
when  a  new  time-sharing  system  is  installed  and  the  work  load  is  light, 
response  times  are  low  and  users  are  pleased.  As  the  load  increases,  *he 
msponse  time  will  deteriorate  t.  o  normal  levels  and  produce 
dissatisfaction.  Rv  slowing  down  the  system  when  it  is  firs*  installed, 
the  chanqe  is  eliminated  and  users  seem  content.  A  second  rase  occurs  when 
the  load  on  a  t i me- shari nq  system  varies  substantially  during  the  day. 
Users  become  aware  of  the  fast  and  slow  periods  and  +ry  to  cram  their  work 
into  the  fast  periods.  A1  thought  this  approach  does  ho1  n  •  o  bal  ance  the 
load,  users  tnpd  to  make  errors  while  working  quickly  t.o  hnat  *:he  crowd. 
Anviefy  is  increased,  romp1,  aints  rise,  and  programmers  or  tormina1  users 
may  even  be  unwilling  to  work  during  the  slow  periods.  Uy  eliminating  the 
variance  in  response  time,  service  is  perceived  to  be  mn-.>  reliable  and  ope 
source  of  anxiety  can  be  reduced. 
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!n  summary.  fhe  int.eraetivp-systpm  designer  has  several  goal 
considering  sysfem  response  times. 

1.  Shorter  response  times  are  better  than  longer  response  times. 

2.  Variance  of  response  time  should  be  mimimi zed,  even  at  the 
expanse  of  some  increase  in  mean  response  time. 

2.  System  performance  should  be  invariant  over  time. 
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SECTION  IV.  EXISTING  SYSTEMS 


I ntroduct i on 


An  important  part  of  the  research  conductor!  involved  visits  to  sites 
with  EMCS's  installed.  There  where  three  primary  goals  in  conducting  the 
visits : 

1.  To  determine  what  f  yne  of  personnel  were  oei  ng  employed  as 
operators . 

2.  To  determine  what  are  typical  operator  functions  or 
respons i bi 1 i t i es . 

3.  To  determine  what  type  of  operator  interface  was  being 
employed. 


Visits  were  planned  to  provide  a  vie'./  of  severa’  different  commercial 
and  development  type  systems.  Sites  visited  included  Vanderbilt 
University,  Nashville.  Tennessee  (Honeywell  SCCIO),  Warner-Robi  ns  AFR 
(Johnson  JC-RCI1,  Hurlburt  Field,  Ft.  Walto"  Beach,  Florida  (AVCO),  rand 
Georgia  Insti'-p'-e  of  Technology  (in-house  development). 


Georgia  Institute  r,f  Technology 

Geo'-o i a  Tech's  in-house  PMrs  development  oroiert  began  ’n  lafe  in4?^ 
after  the  Public  Services  Commission  had  placed  the  TnsHfutp  under  +he 
electrical  demand  c^tp  structure  of  the  Georgia  Power  Company.  A4 tempts  ^o 
identify  a  commercial  system  supplier  whose  product  m ef  perceived 
reou  ■  pep*  ,  •>»  an  affordable  cos'  ,  were  rot  successfn '  .  Thus  ;t  '/as 
decided  tp  develop  a  system  using  an  in-house  team  of  computer  researchers 
and  f^c’  lilies  ''ng’ peers.  the  primary  objective  of  the  r^rilities 
Management  System  (FMS)  design  was  to  reduce  energy  consumption.  Secondary 
object- ivos  included  improved  security  through  controlled  irpess,  ->nd 
establishment  of  a  facility-wide  fire-alarm  system.  This  developmen* 
progrwTi  h /s  r  p  s  1 1 1  t  p  d  ip  a  fully  functional  FMS  >•/  i 4  h  4  he  following 


capabilities:  electric  demand  limiting,  closed-loop  process  control, 

time  .May  scheduling,  enthalpy  opt  imi  7.a*'  i  on ,  emergency  murines,  alarm 
detection,  trend- point  system  logs  and  profiles,  stand-alone  capability, 
global  even*-  initiation,  operator  interaction,  and  a  high-level  plant 
engineering  compiler. 

The  central  system  controller  is  an  Interdata  7/3?.  The  principle 

operator  interface  is  a  mono-chrome  CRT  with  a  fixed  function  keyboard. 
Operator  commands  consist  of  coded  alphanumeric  input  via  the  keyboard. 
The  compand  structure  is  heavily  computer  oriented  and  bears  little 
resnintil  enr>  to  common  user  or  process  control  language.  Additional 
development  work  in  this  area  would  he  required  to  make  the  operator 

interface  friendlv  to  proposed  operators. 

Hurinq  development  ^  a  ho  system  has  been  a’tno.ied  by  computer  orien'e-' 
researchers .  The  ultimate  intent  is  to  have  •'orre'^  lnsfi*u*'o  Vys'cii 
Plant  operators  run  the  system.  T|m  Physical  nlant  operators  * re 

knowl  edgeabl  e  in  HVAf  systems,  hut  have  no  experience  wi  *  h  co'uput  er  svs*  °ms 

oper->‘  ion.  Typical  operator  ♦’unctions  include  responding  to  alarms, 
adjusting  set -points,  unr|  controlling  ai  r- handl  ers  . 


Hurl  hurt  Field 


The  Fr'F‘>  installation  at  Hurlbur*  Fi  e1  •-* ,  Ft.  Walton  Reach ,  Florida  ;s 
being  performed  by  AVCO  Corporation.  TV  system  was  designed  and  sees ; f ;  V 
by  A’r  Force  A.  IF 1  s  at  Hurl  hurt. .  The  system  consists  of  a  OFF  pne-i’  •">’ 
minicomputer  connected  through  MUX  panels  to  abeu*  SCO  points  on  *;v 

1  ac  t-  ■>  1  1  a  t  i  on  .  !!nrprt  e’ritV  of  ooaV  in  ttn  Hos i np  phase  t-11  S  ms  1 1  *  on  ’  n  i 
svs  tpm  ./hint’  principally  performs  only  wV’.p  moni  te«*i  pq  func*-  >  0ns ,  ■ 1  ”■ 
direr*-  i: /  pom, at  i  r  rop  t  rol  Air  handlers  c.-p  he  mampllv  r/'n*  ro1 1  ed  v,7i  *  u* 
FMFS. 


The  operator  interface  will  he  ■*  ''FT,  usMu  menu  displays  ->nH 
alphanumeric  coded  commands  input  via  a  keyboard.  A  color  graphic  CRT  ’ r 
*n  he  included,  but  TV  operator  v/i  11  not  interne'  in  real  time  wifh  this 
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qraphics  terminal.  A  major  problem  of  the  Base  Engineer  is  locating 
personnel  to  f’ll  system  operator  s^ts.  I*  is  fe't  *hat  svs^em  operation 
cannot  be  handled  by  personnel  currently  being  used  in  HVAC  operations. 
They  are  seeking  individuals  with  a  background  in  HVAC  and  digital  computer 
systems.  If  such  experienced  individuals  can  be  located,  required  salary 
levels  tn  attract  and  regain  them  wiil  be  higher  than  for  typical  HVAC 
operators.  Hue  to  limited  system  capability,  operator  interactions  will 
likely  consist  of  only  monitor  functions  and  manual  control  of  air 
handl prs . 


Warnor-Robi ns  APR 


Warner-Robi  ns  AFB  has  a  Johnson  Controls,  Inc.  (JC. -80)  svstem 
installed  and  operating.  The  installation  was  bequn  in  September  1972  and 
turned  over  to  the  government  for  joint  occupancy  in  April  1 976.  During 
the  first  year  of  operations  the  system  was  plagued  with  reliability 
problems,  hut  these  were  solved  and  the  system  has  been  operating 
satisfactorily  sinre  April  1977.  The  heart  of  the  system  is  a  Modcomp 
(minicomputer ,  with  a  paper  t^pe  system.  This  central  computer  is  tier!  to 
about  3,5D0  points  in  25  facilities.  The  system  performs  monitor  functions 
on  chillrrs  (no  rontro1!;  and  provides  monitor  and  control  capability  on 
107  air  handler  units.  Some  uitomatic  load  shedding,  metering,  optimized 
star*- /stop,  enthalpy  economizers,  and  totalization  are  being  incorporated 
into  the  operation.  The  system  has  an  unusually  large  number  of  monitor 
points  fo  help  identify  and  analyze  maintenance  problems  on  fhe  ronnerted 
equipment . 

Thc  nncrCnr  interface  to  the  svstem  is  a  monochrome  rRT  ..y i  h  a 
combination  of  fixed  and  variable  function  keys.  The  operator  controls 
svs'em  by  entering  highly  strurfurpd  alphanumeric  commands  fhrouqh  the 
keyboard.  The  system  command  library  contains  over  150  distinct  entries. 
There  are  no  graphics  provided  with  the  interface.  The  system  is  manned  on 
an  around-the-clock  basis  with  personnel  from  the  base  Systems  Management 
Section.  System  operators  are  electrical  technicians,  and  el°ctronics  and 
air  conditioning  equipment  mechanics.  It  was  noted  that  while  these 


o Debitors  had  been  trained  and  had  operated  *:he  system  for  some  time  they 
had  some  i:nders*'andabl Q  difficulties  in  rpcallinq  end  en^erinq  system 
commands  from  the  considerable  command  library.  Hoerator  functions 
included  r«soondinq  to  alarms,  edjustinq  set-ooints  and  other  parameters, 
and  manually  control  linn  HVAC  devices. 

Vanderbilt  University 

Vanderh’1*  University,  Mashville,  Tpnnosspe ,  has  of  tho  initial 

installations  of  Honeywell's  newest  ‘b-uildinq  management  system,  the  Dolt  ; 
be  DO.  This  Delta  5600  installation  is  control  led  with  a  Honew/ol  1  Levrt1  *• 
computer,  and  is  tied  t0  aboii*  1/bO  points  in  e’nht  htpidinqs  across  4'ho 
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During  normal  working  hours,  *;Hp  sys^pm  will  ho  canned  by  a 
comput pr-^rai ned  operator.  Outside  of  noma!  working  hours  the  system  w’l1 
be  operated  hv  fire  and  security  personnel,  most  of  whom  have  no  experience 
with  computer  operations.  The  day  system  operator  will  respond  to  alarms 
’"■i  have  *'hp  ah ;  1  i f  v  fo  change  s vs  *  pm  parameters,  modify  algorithms,  altp*" 
graphic  diagrams,  etc.  The  off-hours  operators  will  monitor  alarms  and 
notify  a«s; gnawed  knowledgeable  ma’ n1  onan<~o  people  or  the  day  system 
operators . 


SECTION  V.  PROPOSED  SOLUTION 


Interface  Definition 

None1  of  •'ho  E^CS 1  s  reported  upon  in  the  previous  section  had  an 

operator  interface  which  mot  all  the  requirements  described  ear’ior  for  j 
friendly  operator  intorfaco.  The  observed  sysfems  me*-,  the  r°ouiroments  in 
varying  degrees  of  course,  and  the  Honeywell  Delta  5600  came  as  close  as 
any  *"0  the  ideal.  However,  chore  ’s  tprhnolony  available  to  improve  upon 
the  Honeywell  operator  interface  concept,  and  move  closer  to  an  ideal 
man-machine  interface. 

An  EMOS  is  viewed  as  a  highly  automated  process,  v-/h i c h  by  design 
should  no*  require  a  grea'  deal  of  itifs^on  by  *-he  towns1'  1  o><ei  operator. 
1!own',er,  those  operations  w^ich  'ho  operator  does  perform  nipt  b°  made  >s 
easy  and  natural  as  possible  so  as  1 0  enable  svsvem  operation  by 

non- oompiiter. ori enf.ed  i nd  i v ' rjm i  s  ,  sort  is  MVV.  mechanics  and  seruri  *  v 
guards .  The  general  objective  should  be  to  make  t-he  opr'f,|*or  interface  to 
the  EMrs  as  transparent'  as  nossiblo.  i.e.,  the  operator  shou’d  no*  bo 
burdened  with  i  nterfac'1-  necul  i  mani  pul  at  i  ons  .  hu*  should  have  ngt  oral  or 

'i  *'  rv'^^S-  Tn  ^  r* 4  r'^  ’r  +•  i  *-  r\  np  r  f  p  p*’1 . 

^'bnn1  l’n  'Tl'ip'i  fhn  fpifv*  K  i  c  ;  r  fpi1  r  of  in4'  i  /o  cyff  ot;;  oc,  **  ^  n  ^ 

s  imp1,  i  o  i  *' y .  power,  user  sa*  i  ss.ac*  ion  ,  trid  reasonable  -g  s‘  ,  the  foil  .->•.•••  ng 

•~onr‘('C‘*  tor  *hr  *  r  i  -  snr'  i  eo  curt  mno-raorhi  nA  i  o* <>>-f  ->m  is  proposed.  *Hr 

classical  observation  that  "one  pic  turn  is  wnr'  h  10,000  words"  i  s  "ris* 

ijiprupr'  ate  whop  de  il  i «q  i<i *-h  '■> V'.r  process  ron**-o'  .  uy.V'  svs*-'"i'  'nv' 

n  npn  p  nd  1  y  r  u  o  r'e  r  o  p  *  r.U  ns  SCbc;r‘'*ir  Ht  i  (1  . ,  ■  -  1  T1  rJ  "*  c  *  a  p,  h  r  1  1  7  e.t  sf  ' 

of  ey;hr,!  "iv,  is  opposed  ‘e  'vin'1  d.'S'**"’  hod  g-  ;  no  *  r  •?:  *  >  ••  menus  ■'*  *  >•,  *  . 
Thus,  *  he  bas'r  ele.;|e>i'  of  t  In.  proposed  ’ntprfgre  is  '■  •■•:ph'-s  lisp’  . 

'~o’o*'  n’avs  an  importin'  rot  svs'«'i  di  .>gr  >•  is ,  '  o  h*f  ..,-on*  i 

between  various  types  of  fluid  flows,  etc.  Thus,  f he  proposed  interface 
she ')  If]  h  ,170  a  mill  'i-fo'm-  graphics  ripabili'v.  to  f.ar  'hrrn  has  Wn 

nothing  new  proposed,  as  the  Delta  5600  and  the  A.co  systems  both  hiv>  a 

rclor  graphics  rapabili'y.  The  missing  element  wi'h  these  systems,  and  *lv' 


21 


proposed  feature  to  be  implemented,  is  direct  operator  interaction  with  the 
color-qraphics  display.  It  might  be  argued  that  the  Delta  5600  system 
offers  direct  operator  interaction  with  the  graphics  display,  as  operator 
commands  may  be  entered  while  graphics  are  displayed.  However,  ’'he 
comnands  are  entered  via  a  keyboard  using  i  nterf ace- pecul i ar  alphanumeric 
inputs.  The  objective  here  is  *:o  use  available  ’■.echnology  to  make  +he 
graphics  diagram  itself  directly  interactive  with  fhe  operator,  minimizino 
use  of  a  keyboard. 

Thre°  techno!  og  i  es  which  come  to  mind  for  enabling  more  direr'- 
operat or/d i spl ay  interaction  are  the  light  pen,  voice  recognition,  and 
touch  screen.  The  basic  concept  of  a  lioht  pen  was  described  in  previous 
sections.  It  was  one  of  the  first  di rect-d i spl  ay- i nteract i vp  devices  and 
does  provide  a  fairly  rapid  way  of  selecting  CRT  functions.  There  are. 
however,  a  number  of  drawbacks  associated  with  light  pen  usage.  There  are 
numerous  arm  motions  required,  such  as  reaching  to  ‘he  pep  storage 
position,  unstoring  the  pen,  moving  the  pen  to  the  CRT  screen,  careful lv 
aligning  the  pen  on  the  target  area,  actuating  tho  pen,  and  res'ow'ng  tho 
pen,  No  matter  how  tho  terminal  is  configured,  fhe  wire  which  '■nnnerts  t^,-. 
light  pen  to  the  decode  logic  circuit  always  seems  he  in  *he  way. 
Finally,  the  light  pen  itself  is  a  fairly  fraqile  item,  and  because  it  is 
subject  to  a  imat  deal  of  handling  and  oporator  abuse,  *  hero  >rn 
reliability  problems  with  the  device.  Voice  recognition  is  <  new 
t  erhnol  ogv  for  computer  system  interact  ion.  The  ope-ator  speaks  in*o 
miccophone  and  the  computer  program  recognizes  the  human  speech  vid 
interprets  the  rpnimand  hv  reference  to  a  function  lihrarv.  This  torhnnJoqv 
has  not  yet  reached  a  state  of  development  where  it  can  be  Placed  info 
gene  re  I  use.  Present  st  it  c-of-the-.ir*  requires  highly  trained  operators 
using  specific  vocabularies  and  carefully  paced  speech  patterns.  Present 
implementations  of  voice  recogni v  ion  •  erhnolnqy  're  •eny  e\pnpc,  ivo,  'hus  i ' 
works  tgainst  the  basic  design  goal  of  reasonable  system  cost. 

Touch  panel  technology  appears  to  offer  the  greatest  potential  for 
providing  a  reasonable  cost,  effective,  simple  to  use  interactive 
interface.  To  use  a  touch  panel,  the  operator  simply  touches  a  finqer  to 
the  desired  point  on  the  CRT  screen,  and  t.he  touch  panel  locator  decodes 


the  touched  position  and  sends  it  to  the  computer.  There  are  at  least  four 
different  ‘■.echnological  means  of  implementing  a  tourh  capability  on  a  CRT 
screen:  Crosswire  overlay,  voltage  gradient  substrate,  echo  rangina 

C 

overlay,  and  beam  interruption. 

•  Crosswire  Overlay  -  The  crosswire  overlay  touch  locator 

consists  of  vertically  and  horizontally  spaced  wires  under 
tension  forming  a  square  matrix  array.  Typically,  the  wires 
are  mounted  approximately  3/3  inch  apart.  The  vertical  set 
of  wires  is  separated  from  the  horizontal  set  by  a  thick 
plastic  sheet  with  holes  at  the  crossovers.  The  entire 
matrix  of  crossed  wires  is  enclosed  between  twn  plastic 
sheets  which  may  be  sealed  t.o  form  an  enclosed  environment 
for  the  wires.  When  a  finger  presses  against  the  outer 
sheet  at  a  crossover,  the  outer  sheet  is  deformed  and  the 
outer  wire  is  pressed  against  the  inner  wire,  making 
contact.  Appropriate  circuitry  generates  a  digital  output 
of  tho  touch  location.  The  crosswire  overlay  does  not 

attenuate  light  from  the  CRT,  however,  this  technology  is 
not  commercially  available. 

•  Voltage  Gradient.  Substrate  -  This  sensitive  position  sensor 

consists  of  a  curved  glass  sheet  coated  with  a  transparent 
resistive  substrate,  and  a  plastic  rove*'  shun*  backed  hv  a 
transparent  conductive  layer.  finger  pressure  causes 
contact  between  the  conductive  layer  and  the  subs'raV'.  The 
conductive  layer  functions  as  a  voltage  probe  for  obtaining 
the  correspond i nq  X  and  Y  coordinates  fram  ‘he  subs’ ri*e, 
and  the  voltages  or  ratios  are  digitized  by  an  associated 
c 1  rr  ui  t  board  for  *  **  a  nr  mi  ss  i  on  *o  *h>*  h  n  s  *  "cores  rep. 
;?"SoluMon  of  0.003  inch  can  be  -rhieved  by  this  technique , 
however,  the  overlay  pane)  -ans  <"  pwf  war*  ’’tenua'inn  of 

light  from  the  CRT  display. 


Echo  Ranging  Overlay  -  The  echo-ranginq  overlay  system 
rnnsis*s  of  two  parts;  a  q^ass  screen  wi*^  i  n*  egr  •>  t  ed 
electronics  mounted  directy  on  the  glass,  and  a  separate 
digital  controller  which  provides  the  processing  and 
interface  signals.  Acoustic  standing  waves  are  generated  hv 
pi ezoel ectrir  transducers  located  along  *ho  ' we  sid»s  nf  *he 
digitizing  surface  to  sense  the  position  nf  an  ob'er*  0 
contact  with  the  glass.  An  acoustic  standing  wave  fRav’eigh 
wave)  travels  along  the  frep  boundary  of  a  solid,  nu^h  Hie 
a  ripple  on  the  surface  of  a  pond.  A  user's  *mjrh  sets  un 
echo  siqnals  in  both  directions  which  are  interpreted  as  *  he 
eoordinatps  of  the  touch  point.  The  irons1  ir  wav's  ,r" 
reflected  by  a  passive  probe  and  are  used  in  an  echo  ranging 
svstem  to  convert  fhp  time  taken  for  the  acousMr  o  ho  •  n 
re* urn  into  distance  information  for  *he  targe*.  Resolu*'on 
fen  an  echo  ranging  system  is  related  to  *he  spacing  along 
•wo  ad.iacen*  edges  of  the  transducer  and  receiver  pairs. 
This  fvpe  of  overlay  must  be  kept  clean  and  is  sub'.-rr  to 
damage  h v  scratching.  Because  the  glass  overlay  is  f  1  at  . 
there  are  parallax  problems  due  to  the  curved  rRT  screen. 

Beam  Interruption  -  A  beam  interruption  overt  >v  svs’em  uses 
scanning  infrared  beam  terhnnlogv.  This  technique  dens  upt 
place  anything  in  *  he  optical  viewing  path  of  the  use.-; 
neither  glass  not  p  1  i  s  t  i  r  rovers  *he  d  '  s  p  1  a  v  t  v, 
!R-eni'*'ng  diodes  ,ire  mounted  approximately  \  '4  'nr1' 

along  ♦  wo  adiaren*  sides  of  ->  rer  t  angul  ar  frame  wt '  - 1  ♦-•s 
*  he  disolav  perimeter.  Pho*n  deleters  line  the  <•(>■; .  -  n  ■  -hi 
two  sides,  producing  a  grid  of  infrared  beams.  The  -nt>-.rn» 
beams  in*erserfed  bv  the  user's  finger  rorrestannd  '  >  • 
roordina*es  of  the  tm.rhed  point  .  The  beam  intnrrup*  ion 
system  resolution  depends  on  the  spacing  of  *he  emitters  md 
defectors.  Parallax  problems  can  be  minimized  by  curving 
*he  rows  of  IR  diodes  and  defectors  to  match  *he  curvature 


Ream  interruption  technoloqy  is  well  developed,  in  qeneral  use  in  *hp 
field,  relatively  inexpensive,  and  reliable.  For  these  reasons  it  is 
chosen  as  the  means  to  implement  the  desired  touch  panel  interactive 
capabi 1 ity. 

To  summarize,  the  recommended  form  for  fhe  EMCS  operator  interface  is 
a  color  graphics  CRT  with  an  infrared  touch  panel  as  the  primary  operator 
interaction  device.  The  color-qraphics  display  will  include  simplified 
system  schematics  similiar  to  those  contained  in  the  EMCS  Dosiqn  Manual, 
and  an  a! nha- numeric  strip  at  the  bottom  for  displayinq  necessary  cues  -o 
the  operator.  A  keyboard  (with  numeric  keyn.ad)  is  also  included,  because 
some  of  *-hc  operator  functions  cannot  he  accommodated  by  fhrt  CRT/tourh 
panel  combination  without  seriously  coiapl : cat i nq  *he  onera’ ion  of  the 
inf  erf  are  and  thereby  makinq  the  interfere  'less  friendly  and  slowinq 
interface  near’  ion  Inclusion  of  the  keyboard  w’l  1  also  maintain  EMr 

s vs tori  flexibility  by  providino  a  ■“  in-ihi !  if y  for  *  he  lowest  level  operator 
terminal  to  be  used  for  ofh°r  purposes  as  required. 

Interface  Display  Ties  rri  pt  ion 

The  phvsie.il  layout  of  the  qra  oh  *  r disnl  ay  is  shown  :  e  Tiqurp  0 .  The 
CRT  screen  is  electronically  divided  up  info  four  windows,  labeled  HTG, 
GRAPHICS  "RE",,  SPECIAL  FUNCT1nN  KEYS.  -.nH  TE  XT  AREA .  The  GTc,  v.'ipd-iw 
displays  the  current  day,  date,  and  *  imo;  th<.  opera*  ors  name;  and  *  h  "> 
eureont  temperature  md  dev/point.  The  TEXT  AREA  window  permits  the  display 
of  textual  ly  formatted  messaqes,  neumohics,  cues, etc.,  to  the  operator. 
Thnsf‘  *  wo  wi  ndnws  ir°  not  H  i  r  e r  *  1 v  ir.t  enact  t  ve  with  ‘■he  touch  pane1 
feat  ure , 

the  GRAPHICS  AREA  and  SPEC  PL  FUNCTION  KEYS  window'  are  the  „w»ier 
touch- panel  interactive  portions  of  the  CRT  display.  The  GRAPHICS  ARE” 
displays  schematic- like  diaqrams  of  fhe  HVAf.  system  and  components  beino 
controlled  by  the  EMCS.  Fiqure  4,  taken  from  the  Coras  of  Engineers  draft 
FMCS  Desiqn  Manual,  is  an  example  of  the  type  of  diaqrain  which  miqht  he 
displayed.  These  graphics  diaqrams  would  be  generated  by  installation  A AT 


Figure  3.  Graphics  Display  Layout 


personnel,  using  a  simplified  graphics  generation  capability  included  with 
the  interface  hardware/software  oackaqe.  Each  diagram  might  represent  a 
building,  a  data  environment,  or  any  other  logical  set  or  subset  of  points. 
The  SPECIAL  FUNCTION  KEYS  window  will  allow  the  implementation  of 
user-defined  special  function  keys  to  accomplish  any  appropriate  operator 
task  from  the  list  described  in  previous  sections.  On  a  19"  diaqional 
measure  tube,  there  is  adequate  space  for  about  11  keys  with  a  target  area 
3/4"  x  3/4"  in  size.  The  IR  touch  panel  frame,  which  surrounds  the  CRT 
face,  holds  the  IR-emitting  diodes  and  photo  detectors  which  form  a  grid  of 
IR  beams  over  the  faCe  of  the  CRT.  Figure  5  shows  an  example  of  an 
IR- touch  panel  frame  manufactured  by  Carroll  Corporation. 


Interface  Operations 

Operation  of  the  interface  will  be  discussed  within  +he  framework  of 
required  operator  tasks,  taken  from  the  draft  tri-service  guide 
specif i cat  ion.  The  list  of  required  operator  tasks  includes: 

(a)  Reguest  a  display  of  any  digital  or  analog  point  or  any 
logical  group  of  related  points  in  the  system. 

(b)  Start  up  and  shut  down  any  selected  systems  or  devices. 

(cl  Initiate  reports. 

(d)  Request  graphic  displays. 

in)  Vodifv  Minn  and  even1  scheduling. 

(f)  Modify  analoq  limits. 

(q)  Adjust  set  points  of  selected  controllers. 


(la)  Select  manual  or  automatic  control  modes. 


ijure  6.  Diagram  Selection  Display 


(i)  Enable  and  disable  individual  points.  Disabling  shall  take 
precedence  over  all  other  actions. 

(j)  Enable  and  disable  individual  FIDs. 

(k)  Enable  and  disable  individual  MIJX/IMUX  panels. 

With  the  proposed  interface  configuration,  tasks  (a)  and  (d!  become 
one  and  the  same.  As  described  above,  a  "graphic  display"  and  a  "loqical 
group  of  related  points"  corresponds  to  a  schematic-like  diagram  of  a 
portion  of  the  HVAC  system  under  control.  To  initiate  these  two  tasks, 
there  is  a  variable  function  key  in  the  appropriate  CRT  display  window 
labeled  "Display  Diagram".  The  operator  touches  the  key  with  a  finqer,  the 
key  backlight,  illuminates  to  signal  system  reaction,  and  a  table  of  diaqram 
names  appears  in  the  GRAPHICS  AREA  window  (see  figure  6).  At  ‘he  same 
time,  a  cue  appears  in  the  TEXT  AREA  window  telling  the  operator  to  "Touch 
square  beside  described  diaqram  name".  Touching  the  selected  square  with  a 
finger  causes  the  GRAPHICS  AREA  and  TEXT  AREA  windows  to  be  erased, 
extinguishes  fhP  backlight  on  the  "Display  Diagram"  key,  and  reuses  *ha 
selected  graphics  diagram  to  be  drawn  in  the  GRAPHICS  AREA  window.  To 
display  additional  information  on  a  given  point  or  device  contained  in  ‘he 
schematir  graphics  diagram,  there  is  a  variable  function  key  labeled 
"Display  More  Info".  Touchinq  ‘■.his  key  with  a  finger  causes  the  key 
backlight,  to  illuminate,  signaling  system  reaction,  and  a  cue  appears  ;n 
the  TEXT  AREA  window  telling  the  operator  tr>  "Touch  desired  device  symbol 
on  diagram".  When  the  operator  touches  the  desired  symbol,  such  as  ' 
temperature  controller,  the  variable  function  key  backlight  is  extinguished 
and  all  information  appropriate  to  the  device,  such  as  set  points,  p'r.,  ‘ s 
displayed  >n  ‘he  TEXT  AREA  window. 

Task  ( h)  is  accomplished  with  a  split  vari  *hl  e  fuortinn  fey  l  -<hrl  ed 
"Star' "  ind  "Stop"  (this  task  can  be  performed  only  when  a  schematic  >re.i 
diagram  is  displayed!.  To  manually  start  a  dev  ire  such  as  1  fan,  ‘he 
opera‘or  touches  the  "Start"  section  of  the  key.  This  ac‘ ion  causes  ‘he 
touched  sec‘ion  of  the  key  to  backlight,  inHira‘jng  system  response,  ■'nd 
displays  a  cue  in  the  TEXT  AREA  window  telling  the  operator  to  "Touch 


?,? 


desired  device  symbol  on  diagram".  Touching  the  fan  symbol  in  the  diagram 
causes  th°  symbol  to  be  backliqbted,  indicatinq  an  on  or  energized  state, 
extinguishes  the  backlight  on  the  "Start"  key,  and  erases  the  cue  in  the 
TEXT  AREA  window.  The  manual  stop  sequence  for  a  device  is  conducted  in 
the  same  way. 

Task  (c)  is  initiated  by  touchinq  a  variable  function  key  labeled 

"Print  Report".  This  action  causes  the  "Print  Report"  key  backlight  to  be 
illuminated,  displays  the  set  of  possible  reports  in  the  GRAPHICS  AREA 
window,  and  presents  a  cue  in  the  TEXT  AREA  window  telling  the  operator  to 
"Touch  square  beside  desired  report".  Touching  the  square  causes  *"h» 
report  to  be  generated  and  run,  erases  the  GRAPHICS  AREA  and  TEXT  AREA 
windows,  and  extinguishes  the  backlight  on  the  "Print  Report"  key. 

Task  (e)  is  initiated  by  touchinq  a  variable  function  key  labeled 

"Modify  Sched".  This  action  backlights  the  key.  displays  a  fahle  of 

building  or  data  environment',  names  (see  Figure  6)  in  the  GRAPHICS  AREA 

window,  and  presents  a  cue  in  the  TEXT  AREA  window  instructing  thp  operator 
to  "Touch  the  square  beside  the  area  name  whose  schedule  is  to  be 
modified".  Touchinq  the  desired  square  erases  the  GRAPHICS  AREA  and 
displays  the  operat.inq  schedule  for  the  selected  area.  A  series  of  cues  in 
the  TEXT  AREA  window  will  guide  the  operator  through  •'he  process  of 
scanninq  thp  schedule,  selecting  lines  to  be  modified,  entering  parameter 
values  through  thp  numeric  keypad,  and  closing  out  the  schedule 
modification  process. 

Tasks  if)  and  (q)  are  performed  in  the  same  manner,  by  first  touchinq 
a  variable  function  key  labeler)  "Change  Set  Values".  These  tasks  can  be 
performed  only  wifh  i  srhemat ic  area  diagram  displayed.  The  touched  key  is 
backlighted,  and  i  cue  is  displayed  in  the  TEXT  AREA  window  tolling  the 
operator  *o  "Touch  the  desired  device  symbol  on  the  diagram".  Touching  *he 
device  symbol  causes  the  adjustable  parameters  and  their  current  values  to 
be  displayed  in  the  TEXT  AREA  window.  A  series  of  rues  guide  the  operator 
through  the  setting  process,  including  entering  parameter  values  through 
the  numeric  keypad  and  closing  out  the  setting  operation. 


Task  (h)  is  accomplished  by  a  split  variable  function  key  labeled 
"Manual"  and  "Auto".  To  change  operating  mode  i, he  operator  simply  touches 
the  desired  area  of  the  key,  the  EMCS  shifts  to  the  selected  mode,  and  the 
backlight  for  the  selected  operating  mode  is  illuminated. 

Tasks  (i),  (j)  and  (k)  are  all  accomplished  in  the  same  manner.  These 
tasks  can  be  performed  only  with  a  schematic  area  diagram  displayed.  There 
is  a  split  variable  function  key  labeled  "Enable"  and  "Disable".  To  enable 
a  point,  FID  or  MUX,  the  operator  touches  the  "Enable"  area  of  the  key. 
This  action  backlights  the  "Enable"  key  and  displays  a  cue  in  the  TEXT  AREA 
window  directing  the  operator  to  "Touch  the  desired  device  symbol  on  the 
diagram".  Touching  the  desired  symbol  on  the  diagram  enables  that  device, 
backlights  the  device  symbol  to  indicate  its  active  status,  and 
extinguishes  the  hacklight  on  the  "Enable"  key.  "Disable"  works  in  a 
simil ar  manner. 

Interface  Character i st i rs 

The  EMCS  man-machine  interface  implementation  described  above  meets 
all  of  the  goals  for  good  interactive  system  design  which  were  discussed  in 
pm v i ous  see'-ions.  The  majority  oc  the  interaction  between  the  operator 
and  the  system  is  accomplished  by  merely  tourhi -g  the  CRT  display  with  a 
tinner.  There  is  almost  no  typing  r°auired  on  +he  keyboard  and  the  tew 
parameter  values  required  are  entered  via  a  numeric  key  pad.  The  CRT 
display  shows  schema*  ir  like  system  diagrams  which  are  familiar  4 o  HVAC 
engineers  3nd  mechanics,  and  has  operator  cues  which  are  oh rased  in  simple 
Engl  j  sh .  Thus .  the  EMCS  interfare  i  *•  s#»l  f  takes  on  a  very  1  arae  leg  rep  of 
t  raespnrency  to  the  operator,  giving  +he  desirealale  impress’  on  t.)>  at  the 
oner,1''.-  ;  ^  ron1  rolling  'he  IIVAC  system,  no*-  the  EMCS. 


Additional  Interface  Requirements 


Tile  foreqoinq  discussion  referred  almost  exclusively  to  the  lowest 
level  system  operator.  The  next  hiqher  level  of  operator  is  the 
professional  AP<E  who  is  required  to  produce  graphics  diagrams  and  make 
changes  to  automatic  control  algorithms.  Generation  of  system  graphic 
diagrams  is  most  easily  accomplished  usinq  a  combination  of  hardware  and 
software  features  which  will  allow  generation  of  a  symbol  library  and  ease 
the  task  of  building  a  diaqram.  The  interface  hardware  must  be  equipped 
with  necessary  graphics  implementing  capabilities  to  ensure  rapid  drawing 
of  graph’es.  The  qraphics  generation  capability  could  be  acquired  on  a 
system  by  system  basis,  or  it  could  be  developed  separately  as  a  standard 
and  specified  for  all  svstem  installations.  Specification  of  a  standard 
graphics  package  or  language  has  the  potential  to  save  considerable  sums  of 
money  over  the  acquisition  of  great  numbers  ot  systems. 


Because  there  are  operators  on  the  TMfS  with  varying  lovpfs  of  ski  l1 
and  required  operations,  there  needs  tn  e,r>  some  ‘■ype  of  system  access 
restriction.  The  Iraft  tri-service  guide  specif icafon  calls  for  e iqhf 
levels  of  access,  each  with  password  protection.  This  seems  f0  be  an 
unnecessary  complication  in  that  only  three  levels  of  operators  have  been 
defined.  If  should  be  adequate  to  provide  three  levels  of  access,  wherein 
each  system  operator  is  restricted  to  use  of  an  explicitly  defined  subset 
of  svstem  commands.  Honeywell's  Del 'a  5'iflP  svstem  has  passwords 
incorporated  into  the  software,  so  that  whon  an  operator  logs  on  with  -> 
name  and  a  secret-  rode  number  uni  one  to  that  name,  fho  svs’on  controls 
operator  access  level  automatically. 


SECTION  VI.  RECOMMENDATIONS 


Based  upon  the  research  conducted  and  reported  in  this  report, 
followinp  recommendat i ons  are  offered. 

•  Modify  the  tri-service  guide  specification  to  incorporate 
the  EMCS  man-machine  interface  defined  herein. 

•  Modify  the  tri-service  guide  speci f i cat i on  to  include  three 
levels  of  operator  access  and  use  embedded  Dasswords  as  in 
the  Delta  5600  dosiqn. 
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